Bacillus cereus has been associated with clinical infections and is also the cause of post-traumatic endophthalmitis as well as endogenous eye infections, which can result in blindness. Cosmetics, although preserved, can be contaminated during manufacture or use and thus cause serious health issues. OBJECTIVE: We investigated the detection factors of Bacillus in eye cream preserved with parabens, including the non-ionic surfactants used as neutralizers such as Tween 80, a blend of Tween 60 and Span 80, Tween 20 and selective media. METHODS: Eye-cream samples were first mixed with neutralizers and individually inoculated with B. cereus strains, B. mycoides, B. subtilis or B. thuringiensis at a final concentration of 5 log CFU per g. The inoculated samples with and without neutralizers were analysed after 30 min and during 84-day storage at room temperature. Presumptive colonies of Bacillus were enumerated on the varieties of Bacillus agar by spiral-plating techniques and most probable number (MPN) method.
R esum e Bacillus cereus a et e associ e a des infections cliniques et est egalement la cause de l'endophtalmie post-traumatique ainsi que des infections oculaires endog enes, ce qui peut entraîner la c ecit e. Des produits cosm etiques, bien que conserv es, peuventêtre contamin es lors de la fabrication ou de l'utilisation, et donc causer des probl emes de sant e graves. 
Introduction
Cosmetics are defined by the Federal Food, Drug, and Cosmetic Act (FD&C Act, sec. 201(i)) as articles intended to be rubbed, poured, sprinkled, or sprayed on, introduced into or otherwise applied to the human body or any part thereof for cleansing, beautifying, promoting attractiveness or altering the appearance [1] . Cosmetics contain preservatives to maintain the integrity of the product and protect the product from growth of harmful microorganisms. However, cosmetics may become contaminated during processing from raw material or the manufacturing environment, through the loss of preservative's effectiveness over time [2] , the inadequate use of preservatives [3] and especially through the use or misuse of products by the consumers [4] .
Among preservatives, parabens are the most commonly used because of their low toxicity and their effective antimicrobial activity, especially against yeasts and moulds. Parabens are esters of p-hydroxybenzoic acid. The most commonly used parabens in cosmetics are methyl-, propyl-and butylparaben, which are used at very low levels ranging from 0.01% to 0.3% in most cosmetics [5] .
Cosmetics intended for use near the eye area are of particular concern because the user could easily introduce organisms into the product with applicators or fingers potentially causing an eye infection. Significant eye infections, keratitis, perforation, endophthalmitis and even blindness have resulted from ocular infections following the use of contaminated mascara products with Pseudomonas aeruginosa [6] , or the use of contact lenses contaminated with Bacillus subtilis and Bacillus cereus [7] [8] [9] . Recently, FDA has recalled several eye-area cosmetics contaminated with B. cereus [10] , but there are currently no reports of eye infections linked with eye-area cosmetic products and Bacillus cereus.
B. cereus and other Bacillus species can produce toxins that cause gastrointestinal diseases and several clinical infections [11, 12] . A study conducted by Callegan et al. [13] on rabbits show that 100 CFU per mL of B. cereus was capable of causing eye inflammation within 3 h and severe iritis and abscesses thereafter. In addition to causing eye infections, all species of Bacillus are also undesirable in cosmetics and are regarded as indicator of filth because their spores originate in soil [14] .
Non-ionic surfactants contain no specific charge and are used most often in cosmetics as emulsifiers, conditioning ingredients and solubilizing agents. Examples of non-ionic surfactants are polysorbates and sorbitan esters. They are widely used in cosmetics and are considered innocuous [15] . Lalitha and Rao [16] , in a fourteen-day study, added Tween 80 to the facial cream to neutralize and verify the effectiveness of different preservatives that comprised methyl-and propylparabens. Likewise, Terleckyj and Axler [17] mixed the biocide with the neutralizer before addition of the challenge organisms to determine the neutralizing capacity of the neutralizer.
This study investigated different factors that could contribute to the recovery and detection of seven strains of Bacillus, B cereus F 4227A, B. cereus F 60006, B. cereus ATCC 14579, B. cereus X, B. mycoides ATCC 6462, B. subtilis ATCC 15563 and B. thuringiensis ATCC 35866 inoculated in eye cream preserved with methyland propylparabens. We evaluated the effectiveness of the non-ionic surfactants, neutralizers, Tween 80, Tween 20 and a mixture of Tween 60 and Span 80 on parabens for the detection of the inoculated Bacillus strains in eye cream. Prior to that, the effect of the inhibitory activity of parabens at different concentrations was investigated in different broths, both with and without neutralizers.
The performance of two dilution broths and three chromogenic plating media, BACARA â , Brilliance TM Bacillus cereus agar and R&F Bacillus cereus plating media, plus a standard selective plating medium, Mannitol-egg-yolk-polymyxin B agar, was evaluated for the recovery and differentiation of Bacillus strains in eye cream. This is the first study reporting the recovery and enumeration of Bacillus species in eye cream.
Materials and methods

Cosmetic samples
A single brand of eye cream containing methyl-and propyl-parabens as traditional preservatives and also natural ingredients was purchased from retail outlets and kept in their original containers at room temperature until use. No expiration date was found on the packaging. MO) at concentrations of 0%, 0.01%, 0.05%, 0.1%, 0.2%, 0.3%, 0.4%, 0.5%, 0.8% and 1% in the presence or the absence of the neutralizers and, also, in a combination of 0.2% MP and 0.1% PP. The MIC was defined as the lowest concentration inhibiting visible growth of test organism [19] , and also, the MBC was the lowest concentration at which no growth was observed after subculturing [20] . The sporicidal concentrations were not evaluated.
Preparation of bacterial strains
Sample preparation
In this first study, the eye-cream samples were mixed with the neutralizers before the addition of the challenge organisms to determine the neutralizing efficacy of the neutralizers and to help in the detection of the Bacillus population. In the BAM method for cosmetics [18] , Tween 80 is added to the cream at a concentration of 1:1 for microbial analysis. Twenty grams of cream was placed into a 50-mL polystyrene sterile conical tube, and 20 mL of Tween 20 (Fisher; Thermo Scientific Inc, Pittsburgh, PA), 20 mL of 50% of Tween 80 (Fisher; Thermo Scientific Inc, Pittsburgh, PA), or 20 mL of TS, a blend of 10 mL of 20% Tween 60 (Fisher; Thermo Scientific Inc, Pittsburgh, PA) and 10 mL of Span 80 (SigmaAldrich Co. LLC, St Louis, MO), was added to it and vortex-mixed. Sterile glass beads were also included to the mixture to facilitate homogenization and to obtain a good emulsion.
Sample inoculation
Two hundred lL of fresh Bacillus culture (~7 log CFU per mL cells) was individually added to the 20-g sample with or without neutralizer to obtain~5 log CFU per g cream. The samples were mixed thoroughly and kept at room temperature. After 30 min, 1 mL of the sample was aseptically placed in the 15-mL conical tube diluted and spiral-plated on the selected plating media with the easySpiral â (Interscience, Rockland, MA). The samples were stored at room temperature and analysed after 3, 7, 14, 28, 56 and 84 days. Uninoculated cream samples were plated on MLA and used as a negative control.
Challenge test
The product was challenged with seven strains of Bacillus according to the slightly modified method of Personal Care Products Council (PCPC) [21] . One millilitre of the inoculated samples was placed in a 15-mL tube, and 9 mL of the sterile diluting MLB was added and vortexed; 100 lL was spiral-plated onto modified Letheen agar (MLA) (Difco TM , Franklin Lakes, NJ). The analysis was performed on MLA at the same time intervals as above.
Microbial evaluation of cream samples neutralized with T80, T20 and TS
On each sampling date, 1 mL of inoculated sample was placed into a 15-mL sterile conical tube and 9 mL of sterile MLB or TryptoneAzolectin-Tween (TAT) (Difco Table I . The uninoculated samples were also analysed and used as controls. In addition to direct plating, most probable number (MPN) was derived from the use of eight wells and six dilutions in 96-deep-well plates (Fisher) for enumeration of Bacillus in samples that showed no growth on the surface-plating and the recovery of the cells affected by the preservatives. Wells were filled with MLB, and 200 lL of inoculated samples was serially diluted to the sixth dilution inside the wells. Wells were incubated at 30°C for 24 h. Samples were spot-plated on the same four plating media used for direct plating. Colonies with characteristics described in Table I were reported as positive and scored for MPN calculation. Direct plating was performed to quantify the viable cells present in the samples, and MPN method was performed to insure that there were no surviving cells in the samples.
Bacillus was biochemically confirmed with a Vitek 2 (bioMerieux, Durham, NC) using a BCL card (bioMerieux, Durham, NC). Bacterial suspensions were prepared in 3 ml of saline and adjusted to MacFarland standard of 1.8-2.2 using the Vitek 2 DensiChek (bioMerieux, Durham, NC). BCL cards were automatically filled in the VITEK vacuum chamber, sealed, incubated and read automatically. Identification results were reported as correct identification to a single species, slashline when the generated biopattern was insufficient to discriminate between more than one species, low discrimination or unidentified.
Statistical analysis
The experiment was repeated in triplicate for each time period. Recovery of Bacillus populations obtained at each sampling period from the cream samples was converted to log CFU per g. The data were analysed by repeated measures ANOVA using SAS 9.4 mixed procedure (SAS, Cary, NC). Differences were accepted as statistical different at P < 0.05.
Results
Minimal bactericidal concentration of methyl-(MP) and propylparabens (PP)
Initially, an attempt was made to determine the MIC as well as the MBC. However, some media interfered with the neutralizers and the parabens and formed a turbid solution rendering the reading of the MIC plates impossible. The same observation was reported by Mizuba and Sheikh [26] . Therefore, we proceeded with the MBC. As controls, all the organisms grew in the broths containing the neutralizers, but not the preservatives. The MBC of MP and PP of all the strains was 0.3% and 0.05% in TSB, respectively. In MLB, the MBC of MP and PP was 0.4% and 0.2%, respectively. The bactericidal concentration of the parabens increased with the addition of T80, T20 and TS in MLB (Table II) . Likewise, additional T80, T60 and T20 in MLB reduced the antimicrobial effect of the parabens and allowed the growth of the population of Bacillus in the combination of 0.2% MP and 0.1% PP (Table III) . Identification of selected Bacillus strains on selective agar
The appearance of the media listed in Table I was used to identify and enumerate the isolates on the plating media. All the strains grew on all plates (Fig. 1) , as would be expected based on the characteristics described in Table I .
Challenge test
The uninoculated cream (negative control) did not show any growth of organisms on MLA, so the product did not appear to be contaminated with any microorganisms. The result of the challenge test is summarized in Fig. 2 . The preservatives seemed to be effective on all the strains, as all bacterial populations were reduced by more than 3 log CFU per g after 30 min and continued gradually decreasing below the detection limit (0.04 log MPN per g) after 54 days, except B. cereus 4227A. B. cereus 4227A was the most resistant with a population of 1.49 log CFU per g after 30 min, 1.12 log MPN per g after 28 days and 0.51 log MPN per g after 84 days. 
Comparison of Bacillus population in plating and dilution media
Recovery of Bacillus strains spiked in eye creams neutralized with Tween 20, Tween 80 and Tween 60+ Span 80 at various time intervals showed no significant differences (P > 0.05) among the plating media using the same neutralizer. Also, all main effects such as neutralizers, strains, plating media and time were tested, and no difference (P > 0.05) was seen on the bacterial growth diluted with the broths MLB and TAT. However, we saw different time course patterns among neutralizers and also different growth curves among the strains (Fig. 3) .
Recovery of Bacillus population in eye cream neutralized with T80, T20 and TS at various times
Results of the recovery of Bacillus are represented in Table IV . 
Day 0
There was no growth of organisms on uninoculated (negative control) cream samples plated on MLA. The growth of Bacillus in samples containing T20 ranged from 3.28 to 2.03 log CFU per g with B. subtilis having the highest concentration and B. cereus X the lowest. In samples neutralized with TS, the growth of Bacillus varied between 4.53 and 3.62 log CFU per g with B. mycoides being the highest and B. subtilis the lowest. The population in the sample neutralized with T80 was not significantly different (P > 0.05) ranging from 4.58 to 4.10 log CFU per g of B. thuringiensis and subtilis, respectively.
Day 3
No significant differences (P > 0.05) were seen among the strains in the samples without neutralizer and in the samples containing the neutralizers T20 and TS, with the exception of B. cereus 4227A. Significant differences were observed among the strains in cream samples containing T80. B. cereus 4227A populations in the samples without neutralizer were 1.19 log MPN per g. The highest count in samples with T20 was seen with B. subtilis at 0.70 log MPN per g followed by B. cereus 4227A at 0.58 log MPN per g; B. cereus and B. thuringiensis were under the detection limit. B. cereus 4227A in samples with TS was 0.46 log MPN per g; B. mycoides and B. cereus 14579 were under the detection limit. The bacterial populations in sample containing T80 ranged between 4.18 and 1.64 log CFU per g of B. mycoides and B. cereus 4227A, respectively.
Day 7
There were no significant differences (P > 0.05) among the strains in the samples without neutralizer and in the samples containing the neutralizers T20 and TS, with the exception of B. cereus 4227A and 6006 in T20, and B. cereus 4227A in no neutralizer and in TS samples. Significant differences (P < 0.05) were observed among the strains in cream samples with T80, but not with B. thuringiensis.
B. cereus 4227 A was at a level of 1.21 log MPN per g in the samples without neutralizer, and in T20 samples, B. cereus 4227A and 6006 were at levels of 0.59 and 0.50 log MPN per g, respectively. B. cereus 14579, B. subtilis and B. mycoides were undetected (detection limit = 0.04 log CFU per g). In samples neutralized with TS, B. cereus 4227A was 0.49 log MPN per g, and B. cereus 14579 and B. mycoides remained under the detection limit. The bacterial population in sample containing T80 ranged between 3.3 log MPN per g and 0.08 log MPN per g of B. mycoides and B. thuringiensis, respectively.
Day 14
There were no significant differences (P > 0.05) among the strains in the samples without neutralizer and in the samples containing the neutralizers T20 and TS, with the exception of B. cereus 4227A. Significant differences (P < 0.05) were observed among the strains in cream samples with T80, with the exception of B. cereus X, B. mycoides, B. subtilis and B. thuringiensis. B. cereus 4227A in sample without neutralizer decreased to 0.64 log MPN per g, and B. cereus 14579, B. mycoides, B. subtilis and B. thuringiensis were under detection limit. Samples containing T20 had a survival rate of 0.49 log MPN per g for B. cereus 4227A, and the rest of strains were under detection limit. Likewise, samples with TS showed the survival rates of B. cereus 4727A and 6006 at 0.81 and 0.04 log MPN per g, respectively, whereas the remaining strains were undetected (limit: 0.04 log MPN per g). B. cereus 4227A, 6006 and 14579 decreased to levels of 0.54, 1.74 and 0.80 log MPN per g, respectively.
Day 21
No significant differences (P > 0.05) were observed among the strains in any of the samples except the strain of B. cereus 4227A in samples without neutralizer and in samples incorporated with T20 and TS with concentrations of 0.81, 0.78 and 0.63 log MPN per g, respectively. Also, the levels of strains of B. cereus 4227A and 6006 from samples with T80 with 0.46 and 1.63 log MPN per g (P < 0.05) were significantly different from one another.
Day 28
No significant differences (P > 0.05) were observed among the strains in all samples except the strain of B. cereus 4227A in samples without neutralizer and in samples incorporated with T20 and TS with concentrations of 1.12, 0.68 and 0.61 log MPN per g, respectively. Also, the levels of strains of B. cereus 4227A and 6006 from samples with T80 with 0.61 and 1.88 log MPN per g (P < 0.05) were significantly different.
Day 56
On day 56, levels of B. cereus 4227A were significantly higher (P < 0.05) in samples without neutralizer and also in the samples containing TS with population levels of 0.54 and 0.17 log MPN per g, respectively. B. cereus 4227A and 6006 were at levels of 0.62 and 1.78 log MPN per g, respectively, in the samples containing T80; the rest of bacterial population was below the level of detection (0.04 log MPN per g).
Day 84
At day 84, B. cereus 4227A was found at a significantly high level (P < 0.05) among the Bacillus populations in the samples without neutralizer with a population density of 0.51 log MPN per g. Other populations were under the limit of detection (0.04 log MPN per g). B. cereus 4227A and 6006 population decreased slightly at 0.39 and 1.56 log MPN per g, respectively, in the eye-cream samples mixed with T80.
Effect of neutralizers added to the product
The neutralizers were added to the product to inactivate the preservatives and to prevent microbial inhibition. T20 had the least influence on the parabens followed by T60. T80 reduced the antimicrobial efficacy of the parabens to a greater extent. However, the efficacy of TS was comparable to T80 at the first time point (P > 0.05).
The neutralizing ability of the three agents varied with each test organism and at each time interval, except day 0 for T80 samples, where there was no difference (P > 0.05) among the strains. In T80 samples, B. cereus 6006 (1.56 log MPN per g) and 4227A (0.39 log MPN per g) survived for 84 days whereas in TS samples, B. cereus 4227A (0.17 log MPN per g) survived for 56 days and B. cereus 6006 (0.2 log MPN per g) survived for 28 days. The most resistant strain in T20 samples was B. cereus 4227A (0.68 log MPN per g), surviving for 28 days.
Discussion
In this study, the efficacy of the neutralizers, the dilution broths and the plating media was investigated for the detection of seven Bacillus strains inoculated in eye creams preserved with parabens. The study was carried on through day 84 because most cosmetic products do not have an expiration date and consumers utilize them until they are finished. The seven strains of Bacillus challenged in eye creams preserved with methyl-and propylparaben decreased over time, and drastically in the samples that were not neutralized. They were all undetected after 56 days except of B. cereus F 4227A. B. mycoides and B. subtilis were the most sensitive strains and remained undetected from the 3rd day.
Span and Tween are mild non-ionic surfactants; their use is not only limited as emulsifiers, solubilizers, wetting agents in a number of home-care applications, but also as inactivating agents of a wide range of biocides in cosmetics. In most cosmetics, parabens are used at levels ranging from 0.01% to 0.3%, and because of their synergistic effects, methyl-and propylparabens are used in a combination of 0.2% methylparaben and 0.1% propylparaben. In the EU's Cosmetics Directive, the maximal concentration of paraben that can be used is 0.4% individually or 0.8% as a mixture of esters [27] . For this reason, we investigated the MBC of methyl-and propylparaben individually in the range between 0.01% and 1% in the broths first with and without neutralizers and the effect of the combination of 0.2% and 0.1% of methyl-and propylparaben, respectively, on the cells of Bacillus. The intention was to have a glimpse on the influence of the neutralizers on the parabens in a simple solution before the usage of a complex milieu such as the cream.
Methyl-and propylparaben used individually were bactericidal at low concentrations in TS B. The concentration of methyl-and propylparabens that inactivated the growth of the viable cells of B. cereus ATCC 6462 was 0.3% and 0.05%, respectively. Aalto et al. [28] found that 0.2% methyl-and 0.0125% propylparabens were the minimum inhibitory concentration need to inactivate B. mycoides ATCC 6462. The bactericidal concentration in MLB increased with 0.1% for methylparaben and by 4% for propylparaben, and additional neutralizers added to MLB augmented the bactericidal concentrations of both paraben with Tween 80 having a greater influence on the antimicrobial effect of the preservatives. This is in agreement with other studies that stipulate that higher concentrations of parabens, compared to plain medium, are required in the presence of T80 to inhibit the growth of microorganisms [29, 30] . In the same study, Pisano and Kostenbauder demonstrated that the principal effect of Tween was to bind the parabens, and there was no direct influence of the Tween on the growth of the organism. On the other hand, the combined parabens were bactericidal for all the organisms in TSB and MLB, but not when the neutralizers were added to ML B. These results showed that by adding the neutralizers in the cream for microbial analysis, the neutralizers could negate the effect of parabens in cosmetic creams for better detection of microorganisms. Studies have shown that low concentrations of non-ionic surfactants enhanced the effect of the biocide, whereas higher concentrations led to various degree of inactivation [31] . Neutralizers are known to neutralize these preservatives by the formation of a complex between the macromolecule and the parabens; Blaug and Ahsan [29] reported that the binding capacity increased with the molecular weight of the parabens, and also by the solubilization of the preservatives in the surfactant's micelles [32, 33] . The use of neutralizers before the inoculation of the cells into cream samples reduced the inhibitory effect of the preservatives considerably with Tween 80 yielding higher cell concentrations and its neutralizing activity lasting longer than the ones of Tween 60+ Span 80 and Tween 20. Tween 60+ Span 80 in return yielded a high cell concentration just after 30 min, and the cells recovered in Tween 20 were reduced by ≤2 logs compared to the other neutralizers. For example, B. cereus X population was 4.3 in T80 samples, 4.19 in TS samples and 2.03 log CFU per g in T20 samples. The same population in the broth (MLB) where no additional neutralizer was added was 0.13 log MPN per g. This result showed that the neutralizers allowed the detection of Bacillus population after 30 min, which will be helpful for the testing of organisms in cosmetic products during microbial analysis. In general, the populations of B. cereus gradually decreased with the time and were not detected even after a preenrichment and remained under the detection limit (0.04 log MPN per g) except those of B. cereus F 4227A and F 60006 in T80 samples that survived for 84 days. This could be due to the resistance ability of some strains over the others, and also the pre-enriched samples that presented no cell growths were not heat shock for further investigations. BACARA â , MYP and R&F agars presented a typical growth reaction with orange and pink colonies surrounded by a white halo for BACARA â and MYP, respectively, and homogeneous blue-turquoise colonies surrounded by a blue halo for R&F. We conclude that T80 was the best neutralizer. The chromogenic plating media BACARA â and R&F allowed good isolation and identification of B. cereus. In the light of this study, we will evaluate these plating media for the detection of B. cereus in heterogeneous milieu in different cosmetic products.
In conclusion, T80 and TS reduce the antimicrobial efficacy of the parabens and can be used in addition to the neutralizing broths (MLB or TAT) for the growth of B. cereus; BACARA â and MYP can be utilized for the detection of Bacillus cereus in eye creams. However, in the future, these agars will need to be tested with different cream formulations.
